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ANATOMICAL REDUCTION IN SOME ALPINE PLANTS' 

C. C. FORSAITH 

Research in the stelar anatomy of the higher plants has shown that 
climatic changes have been instrumental in bringing about modifications in 
structure which may be interpreted as indicative of phylogenetic importance. 
Jeffrey (7) has demonstrated that prolonged periods of glaciation during 
past geological ages have accelerated the pace of evolution and, because of 
the changes thus produced, new types of woody or herbaceous plants have 
been brought into existence. It therefore occurred to the writer that the 
peculiar ecological conditions on high mountains, conditions bearing a close 
affinity with those in arctic regions, might show evidences of progression or 
differentiation engendered by the bleak unsheltered surroundings which do 
not obtain in closely allied species indigenous to the low lands. Studies of 
the few alpine shrubs listed below have demonstrated that such an environ- 
ment has played an important r6le in promoting progressive innovations in 
the woody stem, which may be manifest either as new or augmented tissues 
necessary for the welfare of the plant, or as a reduction or elimination of 
structures not as important in the intensified struggle for existence. 

The material described in this paper was collected during the latter part 
of July, i919, on the Presidential Range in New Hampshire, including the 
mountains Madison, Adams, and Washington. The species. chosen for in- 
vestigation represent the well-known gnarled and twisted "Krummholz" 
growth characteristic of alpine regions. The specimens were secured from 
sheltered pockets on the lower slopes of the cones and near the upper limits 
of shrubs. The exact locations were as follows: on Mount Madison near 
the Appalachian Mountain Club huts at an elevation of 4,825 feet above sea 
level, on Mount Adams near Edmund'.s Col at an elevation of 4,930 feet, 
and on Mount Washington on Biglow's Lawn at an elevation of about 5,500 
feet. The topography at these stations presents steep slopes, composed of 
broken and only slightly decayed Devonian granite. Scattered among the 
boulders, there are occasional patches of thin acid soil which furnish a pre- 
carious footing for the few sedges, heaths, willows, conifers, and the like 
which are able to exist under the antagonistic, edaphic, and climatic condi- 
tions. In general on the sides of the cones it is possible for vegetation 
other than lichens to maintain a grip on the rocks only in the shelter of 
some protecting boulder or in some slight depression. Only in such places 

1 Contribution from the Department of Wood Technology, The New York State 
College of Forestry at Syracuse, N. Y. 
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are plants able to find a refuge from the winds and to secure moisture suffi- 
cient for their needs. 

The high acidity and sterility of the soil has been caused in large part 
by water which, leaching through from the upper slopes, has carried away 
the constituents normally present in other soils. In addition to such a 
diminution of the organic content, the water has washed away much of the 
inorganic substance so that plants are often forced to live practically upon 
bare rock, or at best upon a thin stratum of coarse earth. 

Besides a poverty-stricken soil, the alpine plants must contend with the 
rigors of an arctic climate, and since the anatomical modifications manifest 
in the stem structure are so intimately related to the meteorology of the 
region, it seems advisable to treat this phase of the problem in some detail. 
Beginning with I872 the United States War Department, Branch of the 
Signal Service, maintained a station on the summit of Mount Washington, 
and from their detailed and accurate files, it is possible to secure informa- 
tion as to the prevailing weather conditions for a number of years (8). 
The annual tabulations demonstrate that variations in the mean from year 
to year are very slight. The following table represents a summary of the 
reports from 1875 to i88o. The Fahrenheit scale is used. In the first 
column is recorded the maximum temperature for each month for the entire 
period, in the second the minimum, in the third the mean, in the fourth the 
highest point reached at any one time, and in the fifth the lowest point. 

Month Maximum Minimum Mean High point 'Lo point 

May ................ 39.0 32.4 35.0 62 -I 
June ................ 44.9 42.7 44.6 70 I5 
July ................ 50 4 4- 84168 31 July.~~~~50.4 45.3 48.4683 
August .............. 49.I 45.4 47.8 ! 68 26 
September ............. 43.5 35.6 39.3 i 6i_ II 

Such a low average naturally indicates frequent frosts, and a reference 
to the records shows that no month for the entire period was immunne. 
For example, frosts were frequent during May, June, and September, and 
the mercury stood at freezing or below seven times in July and 21 times 
in August. 

Temperature records in so far as they have a bearing upon changes in 
anatomical structure reach their full significance only as they serve as a 
basis for comparison. On that account the meteorological conditions pre- 
vailing at Burlington, Vermont, a station nearly on the same latitude as 
Mount Washington but lacking the elevation, furnish some interesting de- 
viations. In the following table, the figures listed for each month represent 
an average for five years in the respective stations. 

J. F.M. A. M. J. J. A. S. 0. N. D. Aver. 

Mt. Washington .... 7. 71 13 23 35 45 48 48, 39 30 I8 10 26.2 
Burlington, Vt ................... . I9 23. 31 44 59 65 71I 69i 6i 50 37 23 46.4 
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A study of the above table shows that the difference in temperature is 
practically 200 F., but of still greater significance is the similarity in the 
mean obtaining during certain months. To illustrate, the thermal condi- 
tions for April on Mount Washington are practically equal to those recorded 
for February or December in Burlington. In the same way, May is equal 
to November or March, June to April, July and August to October, Septem- 
ber to November, and October to March. It will be observed, therefore, 
that the degree of heat maintained during the warmer or growing months 
for alpine plants corresponds quite closely to that experienced by low land 
vegetation in the same region during April or October, or in other words 
high altitude species have no summer as the term is understood in the 
temperate zone. 

This difference of 20 degrees Farenheit lends itself to still further 
analogies. For example, the general range of temperature in semi-tropical 
Florida is about 720 F., or about 25 degrees higher than listed for Burling- 
ton. In the same way the mean recorded for St. Michael, Alaska, is 260 F., 
or practically equal to that of Mount Washington. It can therefore be 
assumed that growth in so far as it is influenced by climate is strictly arctic 
in character,2 and as different from the surrounding valleys as Florida is 
from Vermont. 

The relative humidity as registered at the base and summit of the moun- 
tain shows little variation, and doubtless of itself has little influence in the 
development of a specialized flora. 

In general the barometric pressure shows a difference of about three 
inches of mercury, or a deviation sufficient to produce a loss in pressure of 
about a pound per square inch. It is, however, doubtful if this factor has 
produced any great changes in " Krummholz " shrubs. Such an interpreta- 
tion is substantiated by the appearance of normal forest trees growing only 
a short distance below timber line, and by natural forests at even higher 
elevations in the south and west where temperature conditions are more 
favorable. 

The especially high wind velocities are very important environmental 
factors affecting the growth of shrubs on exposed mountain slopes. In 
addition to being intense, the wind comes in gusts, which causes abrupt 
changes in pressure as well as snapping and twisting strains in the plants. 
That the wind has caused marked changes in the mechanical anatomy, is 
well shown by the much thickened patches of fibres appearing at the ends 
of the annual rings in Abiuts crisp (Ait.) Pursh. as can be seen by a refer- 

2 [The chief climatic difference would be in the duration of light, which would give 
longer days in Alaska than on Mt. Washington. Garner and Allard's notable work 
(" Effect of the Relative Length of Day and Night and Other Factors of the Environ- 
ment on Growth and Reproduction in Plants," Jour. Agr. Res., Vol. i8, No. II, March, 
i920), which shows the great importance of the relative length of day and night, ap- 
peared after this article was written.-EDITOR.] 
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ence to figure 6, a photomicrograph of a cross section of the stem. That 
such a division of labor has been brought about by the wind is shown by the 
absence of similar structures in alders growing in sheltered swamps, and 
along stream banks. 

A little more specific information relative to the intensity of the wind 
on Mount Washington may not be out of place. During July, 1879 (8), 
the wind maintained an average velocity of 27 miles an hour with a corre- 
sponding force of about 3.6 pounds to the square foot. About the same 
conditions prevailed during August of that year. In May 1872, the wind 
reached the velocity of a gale (between 40 and 6o miles an hour with a 
pressure of 8 to i8 pounds to the foot) at some time during 22 days out of 
the 3I, the intensity of a tornado (6o to 8o miles an hour with a pressure 
of i8 to 32 pounds), at some time during i6 days, and of a hurricane (8o 
miles or more with a pressure of more than 32 pounds) during three days. 
Furthermore, a velocity of i8o miles an hour with a corresponding pressure 
of i60 pounds is not infrequent. The above records are by no means ex- 
ceptional or extraordinary, but may be considered more or less normal. 
High and intermittent strains of this type have engendered modifications in 
the stem structure as illustrated by the alder. Externally the effect has 
been in part to develop a very short gnarled stem, as well as diminutive 
thickened leaves whose duty it is to guard against both laceration and 
desiccation. 

The final factor in the environmental series is rainfall. Although the 
yearly aggregate is equal to that of any other locality east of the Mississippi 
and far above the average of 44 inches, very little of the water is available 
for the use of the alpine plants. Records show that the annual mean is 77 
inches, and although this moisture is sufficient in abundance to support a 
luxuriant vegetation, little can be absorbed owing to a rapid run-off from 
the steep rocky slopes. So much rain does, nevertheless, exert an influence. 
On the one hand prolonged cloudy weather minimizes the good effects of an 
otherwise intense sunlight, but on the other so much water held by the turf 
below timber line has a tendency to preserve a high humidity and to reduce 
transpiration. 

The various environmental conditions affecting the development of alpine 
plants may be briefly summarized thus: 

I. A thin, sour, poverty-stricken soil. 
2. A persistently cold arctic climate with frequent frosts. 
3. A growing season similar in temperature to that of spring or fall in 

the low lands. 
4. A high wind velocity producing whipping strains and desiccation. 
5. A low barometric pressure increasing transpiration. 
6. Steep slopes permitting a rapid run-off of water. 
7. Intense sunlight somewhat nullified by cloudy weather. 
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Just what r6le each of these factors has played in the development of an 
alpine flora is as yet not fully understood (4). It is obvious, however, that 
climate has had no small influence as shown by similar external modifica- 
tions in arctic plants. That a lack of available moisture has been of conse- 
quence is attested by cushion plants in arid regions. That high winds have 
produced modifications is manifest by dwarfed and asymmetrical shrubs on 
any wind-swept beach. These characters peculiar to alpine plants are 
doubtless due to an interrelation of all the environmental forces, and a final 
solution of the part played by each must await still further experimentation. 
It is not the purpose of the writer therefore, to define just what share each 
has had in the whole process of specialization, but rather to take the condi- 
tions as a whole except in some few cases where modifications are obviously 
the result of some external influence. 

In general the plants indigenous to the upper limits of the Presidential 
Range show a marked aptitude for a cold, bleak habitat. Many of the 
species extend northward to the very bases of the perpetual glaciers, and 
reach their southern boundary in the high altitudes of New England, New 
York, and in some instances on the more southern peaks of the Appa- 
lachians. The above is the general geographical range of the species 
studied, for example; Betufla glandulosa Michx., Betula alba var. cordifolia 
(Regel.) Fernald, Ainus crispa (Ait.) Pursh., and Rhododendron lapponi- 
cum (L.) Wahlenb.3 

Such a specialized area as well as one having close affinities with the 
arctic, has produced many modifications in the stelar structure which appear 
to have followed the usual evolutionary trend in woody plants. In many 
instances the adverse ecological conditions have stimulated reduction in 
certain tissues as will be shown by a study of the species listed. 

Turning first to the anatomy of Betula alba. var. papyrifera (Marsh.) 
Spach., figure i shows a transverse section of the normal wood growing in 
the low lands. Reference to the plate reveals that the vessels are large, 
diffuse, and evenly scattered throughout the annual ring. The wood paren- 
chyma is abundant, and is arranged in incomplete tangential bands, a feature 
characteristic of many trees possessing diffuse storage tissue. The wood 
rays may be included in the diffuse category, and generally vary in width 
from one to four cells. The prevailing number is three as is shown in the 
illustration, especially in figure 3. The remainder of the area is occupied 
by the strengthening fibre tracheids. Figure 3 represents the tangential 
aspect of the same wood, and shows even more clearly the diffuse and multi- 
seriate character of the rays. Leaving for the moment this valley type 
which was introduced for purposes of comparison, the structure of the 
dwarfed alpine birch may be considered. Figure 2 represents a cross section 

3Other alpine species showing similar evolutionary tendencies will be described as 

soon as opportunity to collect the material is afforded. 
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of Betula glandulosa. Since the magnification used is 40 diameters greater 
than that shown in figure I, the differences in size of the elements engen- 
dered by different surroundings may be readily appreciated. As might be 
expected, the annual increments of growth are exceptionally narrow, and a 
count showed the average to be about three rings to the millimeter. Those 
in the paper birch on the other hand, may be as wide as 5 mm. and are 
rarely less than one. The vessels are about half the size and there is a 
marked tendency toward their elimination in the outer portion of the 
summer wood as shown in the central part of the reproduction. The pat- 
tern thus produced somewhat resembles that found in fuglans, and may be 
designated as "half ring porus." The most significant departure from the 
normal forest type appears as a diminution of the width of the ray. Figure 
2 demonstrates that the major portion is only one cell in width while very 
few present more than two cells. Figure 4, a tangential section under the 
same magnification, reveals this reduced condition in an even more striking 
way, especially when this figure is compared with figure 3, typifying the 
rays of the paper birch where no such retrenchment in the storage system 
has taken place. Around the leaf traces and in regions developed subse- 
quent to injury in Betula glandtlosa, however, multiseriate rays similar to 
those appearing normally in B. aiba var. papyrifera are developed as shown 
in figure 5, a tangential section of the stem including vestigial multiseriate 
rays. Such a development has doubtless taken place owing to the stimulus 
produced by a greater abundance of food. Reversion or retention of this 
type has been mentioned by Bailey (2) thus: "Rapid accumulations of 
nutritive substances, such as occur in mature twigs of unusual vigor or in 
regions where traumatic stimulus exists, tend to produce a reversion to 
ancestral structures." 

Hoar (6) has outlined the evolutionary tendencies in the genus Betula, 
and the results of his observations have established the fact that only the 
diffuse type of ray structure such as that shown in figures I and 3 are pres- 
ent in the normal stem of Betula alba var. papyrifera. His experimental 
work has furthermore made it clear that this multiseriate ray is not primi- 
tive for the paper birch since the aggregate type still persists as a conserv- 
ative structure in the root, and may be recalled in injured seedlings. In 
Betula glandulosa, however, this archaic storage system does not occur in 
tissue subsequent to wounding in the first annual ring in so far as could be 
determined by the material at hand. Furthermore, in the normal stem evi- 
dences of more pronounced reduction are manifest in a large number of 
uniseriate rays. Although the rays thus modified have assumed the form 
characteristic of the ancient Amentiferae it does not indicate antiquity in the 
species, but rather one which has undergone modification and has again 
assumed the ancestral organization through reduction. Such apparent re- 
version among advanced members of the catkin bearing Angiosperms is by 
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no means unique as has been shown by Bailey (2). According to this 
author, the common chestnut shows only uniseriate rays in the mature stem, 
but the multiseriate form may be retained in recessive regions or may be re- 
called in response to traumatism. Features like these add strength to the 
argument that extant members of the Amentiferae, even though they may 
closely simulate an earlier phylogenic type have attained such simplicity 
through reduction from more complicated ancestors. It would appear then 
that the alpine birch has undergone like modifications in its storage system, 
and in its present reduced form may be classed as a high type among 
birches. The stimulus doubtless responsible for such a phenomenon has 
been a cold climate and an abbreviated growing season. 

Betuila alba var. cordifolia was also examined, but no points of departure 
from the alpine form already described were noticed. Consequently, any 
results which may be obtained from studies of Betula glandulosa may be 
applied equally well to the variety of the white birch indigenous to high 
altitudes. 

The genus Ablus has been shown to reveal evolutionary tendencies in 
the Amentiferae to a marked degree (I, 2, 6 and 7). It has been indicated 
by the writers mentioned that the uniseriate ray is primitive for the alder. 
During the evolution of the genus, the uniseriate rays separated only by 
fibres congregated about the out-going leaf trace, and the congeries thus 
formed have been classed as aggregate rays. The stimulus thus received 
from the richer areas about the foliar strands caused this form to persist 
in the mature wood. This stage is well illustrated by Alnus incana, rugosa, 
and japonica. Alnns acuminata, rubra and maritimua have gone even farther 
in compounding the storage tissue through a transformation of many of the 
included fibers into parenchyma, so that the resultant structure appears as a 
collection of multiseriate rays and fibers (i). The same situation occurs 
in Abuts incana (2) collected from the warmer part of its range where the 
accumulation of an excess of nutrient matter has been fostered by favorable 
conditions. In the north a cold climate has prohibited such centralization 
of carbohydrates so there appears no broadening of the individual rays. 
The nearly boreal Ainus nmollis (6) shows still another deviation. Here 
more frigid surroundings have cut down the materials for conservation, and 
there has been a concomitant diminution of the storage tissue. In this way 
the characteristic aggregate ray has disappeared from the mature wood, so 
that in the normal axis only the uniseriate type appears. Even though such 
an organization was typical of its ancestors, Alnns mollis is none the less 
progressive, as is shown by the retention of aggregate rays in the first annual 
ring, root, and leaf trace, and their recall in growth subsequent to injury; 
thus establishing its advanced position in the genetic scale. 

Having outlined the phylogenetic situation in the genus Alnus, two 
species from very different localities may be considered: the first Alnus 
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nitida Endl., a semi-tropical Himalayan form, and Alnus crispa, a dwarfed 
alpine representative. Alnus nitida, the largest of the alders, shows the 
semi-tropical character of the wood by indistinct limitations of the annual 
ring. The fibers are large and thick-walled. The vessels are large, evenly 
distributed, and possess all the features characteristic of the genus. The 
wood rays as shown in figure 7, a tangential section, are of two types. 
There are primitive rays, one cell in width evenly scattered between the 
very large foliar aggregate rays. The large storage areas as can be seen 
from the print consist of masses of multiseriate rays and fibers. Such an 
elaboration of the parenchyma tissue might be expected to appear as a 
result of a warm humid climate where carbohydrate manufacture is suffi- 
cient to produce a surplus above the immediate needs of the plant. As in 
the case of the allied A. acuminata, rubra and maritima just mentioned, the 
reserve thus accumulated in Alnus nitida has acted as a stimulus for the 
development of an elaborate storage mechanism. In other words the Hima- 
layan alder appears to have followed the general rule in augmenting the 
storage tissue under the influence of a warm climate. 

In contrast to the situation in Alnus nitida, Alnus crisp grows in a 
cold, bleak, windswept habitat, and the food brought down from the leaves 
is little in excess of its immediate needs. On this account the mountain 
alder has found little use for an elaborate storage system, and it would ap- 
pear that it has consequently eliminated all superfluous tissue. Figure 6 
shows in detail a cross section of a normal stem including an end on one 
annual ring and the beginning of the next. As in the alpine birch, all the 
elements are small, the pores are diffuse as is also the parenchyma. A sig- 
nificant transformation is obvious in the mechanical tissue which has developed 
areas of thick-walled fibers at the ends of the annual rings of growth, ap- 
pearing in the illustration as irregular patches of thick-walled elements. 
In figure 8 these cells occupy the darker portion of the left-hand side of the 
figure. Such a feature is more or less unique among alders and doubtless 
owes its origin to strains engendered by severe wind pressures. The wood 
ray organization deserves special consideration. As in the northern Alnus 
mnollis (6), the aggregate rays have disappeared from the normal stem, so 
that an examination of the section reveals only the primitive uniseriate type. 
Figure 8, a tangential section cut from the same specimen, reveals only the 
evenly separated moniliform lines of cells characteristic of such rays cut 
transversely. A stimulus retained from the lost aggregate rays appears to 
persist about the region of the out-going leaf traces, and manifests itself as 
a prohibition to the formation of the areas of thick-walled fibers as shown 
in the central part of the figure. In low magnifications, this omission of 
mechanical tissue shows a very striking likeness to aggregate rays, but a 
more detailed examination shows that the individual rays are separated by 
vessels as well as by fibers thus precluding any interpretation as aggregate 
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rays. This situation is well shown in the larger vessels just above the 
annual ring in the central portion of the reproduction. 

It would appear, therefore, that Aloins crispa, like Alnus mollis, the 
chestnut, and Betula glandulosa, represents a well-advanced member of the 
genus since it does not build up collections of uniseriate rays about the 
foliar strands, but has through a reduction of such structures again assumed 
the aspect of its progenitors. In a genus, then, which is known to be well 
on the road toward simplification in its evolution, an absence of elaborate 
tissues would indicate that the mountain alder has gone far in its specializa- 
tion as a result of a hostile climate, and may to that extent be classed among 
the high members of the genus Alnus. 

Rhododendron lapponicum, like the other species, shows evidences of re- 
duction as a result of alpine influences. As in the case of Alinus and Betula 
a species from a low altitude is introduced for comparison. Figure 9 shows 
a tangential section of the deciduous Rhododendron nudiflorum (L.) Torr., 
and the oak-like character of the wood (5) is manifest in the numerous 
compound rays scattered throughout the stem, three of which are repre- 
sented in the figure. Between these broad parenchymatous bands, the ac- 
companying primitive rays are evenly distributed, and may be considered as 
relics of an earlier and simpler form. The other features of the wood are 
of only passing interest, and since they have no bearing upon the problem 
will be omitted. The alpine Rhododendron lapponicurn shows little radical 
departure except in the organization of the rays, as shown in figure IO a 
tangenital section. As in the other examples, the rays show evidences of 
reduction. In general the broad foliar bands characteristic of the more 
favored purple azalea have disappeared in the " krummholz " type except in 
recessive regions. Figure i i shows a transverse and figure 12 the tangen- 
tial aspect of the lapland rose bay under a low magnification. As will be 
observed the growth has been eccentric, and on the narrower side all vestiges 
of the broad ray have disappeared, leaving only the uniseriate bands. In 
the wider portion of the stem, however, more rapid growth, resulting from 
a better supply of carbohydrates, has caused a few of the compound rays 
to be retained about the leaf traces. On the left-hand side of figure T I, the 
three dark lines represent broad rays which are in close proximity to a leaf, 
while on the right, rays accompanying a lower foliar strand appear. That 
this ancestral hangover is well marked about the foliar region is even better 
shown in figure 12, a section cut tangentially so as to include the leaf trace 
and the surrounding tissue. Here the spur of the incoming nutrients has 
caused the compound ray to be retained even though it has been lost a short 
distance away. Such a tendency toward reduction in the lapland rose bay 
may be interpreted as originating from causes similar to those which have 
fostered reduction in the amentiferous species, and from that standpoint at 
least, Rhododendron lapponicum may be classed among the well-advanced 
members of its genus. 
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The three species described in this paper have shown a marked similarity 
in their development, and consequently one seems justified in assuming that 
a uniformity of cause has produced like results. All have suffered reduc- 
tion in the storage tissue, and in addition all seem to have followed the usual 
trend of evolution in their respective genera. Furthermore, they appear to 
have progressed farther in many cases than have their low land kin, and 
may therefore be regarded as high types. 

It now remains to enquire a little more closely into the environmental 
forces which doubtless have been responsible for progression in alpine 
plants. An arctic climate has, perchance, had more influence than any other 
factor in bringing about anatomical innovations especially in the tissues re- 
served for storage. The chief method of control, exerted by temperature, 
seems to have been as a gauge for metabolism, which in its turn has deter- 
mined the pace of progression. Physiological studies relative to the effects 
of heat upon growth (3) have shown that there is a very definite affiliation 
with the rate of production, and that the rapidity of assimilation of carbon 
dioxide is practically doubled for every io0 C. within certain limits. A 
rough comparison of the temperatures prevailing on Mount Washington and 
Burlington, Vermont, as already listed, shows that according to the above 
scale assimilation is twice as fast in the low lands as it is in higher altitudes. 
In the same way it should be four times as fast in a semi-tropical climate 
such as produced the very broad rays in Alnus nitida. It is no small wonder 
therefore, that an alpine habitat has been the cause of alterations in struc- 
ture which are generally manifest in the conservation system as shown in the 
diminution of the ray mechanism in the alpine birch, alder, and lapland 
rose bay. 

That this process of curtailment in the storage tissue is indicative of 
progress is shown by similar phenomena in closely allied species among the 
catkin bearing plants as has been shown above. Such an assumption is 
further strengthened by the retention of broader rays about the conservative 
leaf trace and traumatic tissue in Betula cordifolia, and by the appearance 
of compound rays in the region of the foliar strands in the alpine rhododen- 
dron even after they have disappeared from other portions of the axis. 

In contrast to such simplification in plants from high, bleak mountains, 
Ainits nitida shows that a species growing under more beneficial surround- 
ings has had a marked tendency to increase its storage organization in order 
to conserve the excess of food brought down from the leaves. The much 
elaborated aggregate rays in the Himalayan alder as illustrated in figure 7, 
shows that such has been the case, and that semi-tropical surroundings have 
been instrumental in augmenting the parenchymatous areas. 

In contrast to this type of development, a cold hostile climate in alpine 
regions has through a reduction of the nutrient materials available for 
growth, forced the plants indigenous to high altitudes to undergo radical 
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changes in the fight for existence. In the light of genetic sequence, there- 
fore, such an evolution may be considered as progressive, and on this ac- 
count species growing in such regions may be classed as high types among 
their close kindred living in the more sheltered valleys. 

High winds have also been responsible for changes in the mechanical 
structure, as is shown by the sheaths of much thickened fibers limiting the 
annual increments of growth in Alnus crispa. 

In conclusion it may be suggested that climate has played an important 
part in fostering a progressive evolution in the storage system in plants, that 
mechanical alterations may be due to the actions of winds or similar tro- 
pisms, and that the ecological environment doubtless has a direct bearing 
upon the problem of descent. 

The writer wishes to thank Dr. H. P. Brown, of the Dept. of Wood 
Technology, New York State College of Forestry, for suggestions. 

SUM MARY 

It has been recognized for some time by Dr. E. C. Jeffrey and his stu- 
dents that climate has exerted an influence on the evolution of plants. In 
view of this principle Betula glandulosa Michx., Betula alba var. cordifolia 
(Regel.), Fernald, Alnus crisp (Ait.) Pursh, and Rhododendron lapponi- 
cum (L.) Wahlenb. were collected from near timber line on the Presidential 
Range in New Hampshire, examined microscopically, and compared with 
closely allied species from lower elevations. A marked reduction in the 
ray storage tissue was manifest in all the specimens. In Betula the major 
portion of the rays were uniseriate, aggregate rays were not apparent in the 
normal stem of Alnus, and there was a marked reduction of the compound 
rays in Rhododendron. Apparently such a diminution of the radial elements 
had been engendered by the cold, bleak conditions prevailing on mountain 
tops, where temperature ranges are analogous to those encountered in arctic 
regions. 

The general trend of evolution in the genera mentioned appears to be 
toward simplification in the rays. Such a marked reduction in alpine species 
would seem to indicate that hostile surroundings at high altitudes are re- 
sponsible for a faster progression in the phylogenetic sequence than is mani- 
fest in the more sheltered low land species. 

BIBLIOGRAPHY 
i. Bailey, I. W. 

'ii Relation of the Leaf-trace to Compound Rays in Lower Dicotyledons. An- 
nals of Bot. 25: 225-24I, pis. I5-I7. 

2. 

'I2 The Evolutionary History of the Foliar Ray in the Wood of Dicotyledons; 
and its Phylogenetic Significance. Annals of Bot. 26: 648-66i, pis. 62-3. 



ECOLOGY VOL. I, PLATE 111 
_ . . . 

... _ 

:.::s,8 j b ._ S_ 

. . | L. i ,?l l i 
. r Rv _ l a _x ? _ ! R . > 

- __ Ei 2 ' .:: llh _? S11 . a l l _ _ 31 b S E . ^ ^ i l _ _ K 
_ _?_ il I ; ... . ^ ....... i - - X_ , | _ _ E;D. 

D I iS BS ,:: S i ? | z | C | | 8-^ 

4 | |S Se:e d i ? [ 
#, E & ^ R R X X 1s 

- _ . _ , 

i ; . i ................ . 
. . I 

o4s7 ...... ^.' 8? iQg8wS ................................... ....... 

vi ...._ 

. . , . O . .. 

1 . L .. 

, 
_;|3:_ _ 

* 

_?.{__}_3 . . | . 
__gR3?_ e 

-_tS__ _ 
.. i .a . 

. 3_ . > . 
I b '. 

__' K .. 1 

., C e ,. , .:E 

a ; I :s } :: 
,1: . - 

se , . . 
_i- 

.. 

., . . .;. 

t: 1 ?? 

__.l J W.; 
. ; . i3h 

a s WSX 
; . . sy 

-_ I i ! R 
| J zwwe 

?_d; 

i ; ' . e3t 
i ? , illi.2 

.1 1s. 
_e . _ . . i s2_? 

_iai s_ . . . _IS13EB _ ,5! . :i _?i 
_ " . , ! if . 

; .?g: :!1 3,?a3E _, F ! _ <? 
| wSRi_ 

_ .: : : q e? 
_. - .: S sii- 

- .e 
_-}, , . :,?; 

. _ - . . t; . 
1 O: . >>w;;< 

' -'1 s y 

j,; , 3y: 

3" 

F 

U _ 

0 '__lr 
_.9. 

_?f..8?.' o__- 

. n . . . . : . - 4 

_ _ 
' _.ie.5 

. 

. .__ 
..i Ss '_ 

. _ .=e .. 

' . . iF iS W ,j3?u__ 
4 8333i:_ea} 

s:'S?; - 833 '3-i 

*, . _ ._X 
' :- . e .Xwv s 

. ... esi s _}_s {a_><esw_ 
___Eo-w_33 1_. 

: _ 3 

__ :S? d.}WbE8ja_ 

j li . . '?-__ 

: 'S I _ ... ; jj3-___ 

j 

___ l; - 

. __ i __ _ _. 
- * ___ 

__ 
- - - 

6 
FORSAITH 0N RE1)UCTION IN ALPINE PLANTS. 



ECOLOGY VOL. 1, PLATE IV 

_ _s,., . . _ _ s i .  ' _ '_ 
_. _ _s | _ . . * _ | i 

. -I _ _l I * | I | k 
_ _ . ._ E - . _ - , . . 
_ _ . , _ . _ _ _ . . s 

._ _I _ . _l | l * * * l | s 
. _ -E _ . . _ . I . . . , * z . _ _ _ ..... ... _ l l - * - l - 

_ _ _ ... : . ... . l _ . . . . . ._ _ .. ......... . . , _ . _ . - 
. _ _ .............. ............... 

._ _ ............ ............. . , _ _ _ ,l - 

. _ _ , ...................... . | _ _ _ - 

.. _ ...... __ - l I - - - S 

. . ....... . . l . _ _ _ ... .... _ _ l I l | 1 | 

. _ _ _ . . . . 

1^t' _" 
_r . . . l l 

. _. _: ... 
. . : : .... .. .: . 

.. .. : : :.: :: : ...... . : 

. :. :: .:: :. :: .:: ::. :: . . . 
. : .:: :.: .: .: .:: :::. :: :: .:: .. _ 

. . . J . . . .. . . .. . . ., 

r. . . . . ....... : . . . . _ 

. . .. . .... , D 

f. . .:. .. :. 
: :. . . :: :: . :: . :: .: 

. : : : . : ::: 

. . . .. ... . .:: 

-_ - 

_I_ ___ * __ 

._ 
ss_ 

L 

__ __ 

* ,l i _______ 
*1 _|____sS__ 

I '' -__ 
; ___ 

X ; 
__ - 

5 r a 

|_A 
: 

* . I I | I I fi I 11 1t |__ 

. 

I - 

*':; i 11 s ___ 

* S 
_ 

_' 

__ _ 
. 

Sr _ 

_ 

_ _ ''' 

.9 1 0 

I . . 
I ' ._ 

I 
I . _ _ 
I _ _. 

I _ __ 

| _ 
| _sJIEI 

I _ 
I 

. 
., 

I .: 
'. , 

I 
_ 

I 
E 

I 

I E 

I . __ 
I .. . l 

I S __ 
I I . 

lI 

| _ ' _ 

. 
P . 

I P - 

I 

I . _' '_ 
I . 

| 1 1 w - 1 2 
- 

FORSAITH 0N REDUCTION IN ALPINE PI ANTS. 



ANATOMICAL REDUCTION IN ALPINE PLANTS 1 3 5 

3. Brown, W. H., and Heiss, G. W. 
'17 The Relation Between Light Intensity and Carbon Dioxide Assimilation. 

Philippine Jour. Sci. I2: I-24. 

4. Coulter, J. M.. Barnes, C. R., and Cowles, H. C. 
'ii A Textbook of Botany. Volume II, Ecology. Chicago. 

5. Flint, E. N. 
'i8 Structure of the Wood in Blueberry and Huckleberry. Botanical Gaz. 65: 

556-559, p/s. 10-II. 
6. Hoar, C. S. 

'i6 The Anatomy and Phylogenetic Position of the Betulaceae. American Jour. 
Bot. 3: 415-435, pls. i6-i9. 

7. Jeffrey, E. C. 
'I7 The Anatomy of Woody Plants. University of Chicago Press. 

8. '72-'8o Report of the Chief Signal Officer. Report of the Secretary of War. 

DESCRIPTION OF FIGURES 

i. Betula alba var. papyrifera (Marsh.) Spach. A transverse section of normal 
wood showing the multiseriate structure of the diffuse rays. X i6o. 

2. Betula glandulosa Michx. A transverse section of the stem showing reduced 
rays and half ring porus distribution of the vessels.X 200. 

3. Betula alba var. papyrifera. A tangential section from the same specimen show- 
ing diffuse multiseriate rays. X i6o. 

4. Betula glandulosa. A tangential section from the same stem showing predomi- 
nance of uniseriate rays. X 200. 

5. Betula glandulosa. A tangential section showing vestigial multiseriate rays. 
X8o. 

6. Alnus crispa (Ait.) Pursh. A transverse section including the end of an annual 
ring, showing uniseriate rays, and much thickened patches of fibers. X 200. 

7. Alnus nitida Endl. A tangential section of normal wood showing the elaborate 
aggregate rays and accompanying primitive rays. X 40. 

S. Alnus crispa. A tangential section of the stem showing uniseriate rays, and 
thickened fibers. X 200. 

9. Rhodendron nudiflorum (L.) Torr. A tangential section of the normal stem 
showing compound and uniseriate rays. X 200. 

io. Rhododendron lapponicum (L.) Wahlenb. A tangential section of the normal 
wood showing uniseriate rays. X 200. 

ii. Same: A transverse section of a stem several years old showing the retention 
of a few compound rays in the vicinity of the leaf traces. X 20. 

12. Same: A tangential section including a leaf strand and showing a few broad 
rays in its vicinity. Only uniseriate rays appear in the rest of the section. X 40. 
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